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Abstract12
Nowadays, India is the third-largest CO2 emitter and energy consumer in13
the world, and, it is soon expected to surpass China as the most populated14
country. Therefore, it is of great interest to analyse how India is develop-15
ing its energy transition to a lower-carbon economy. This work analyses16
the evolution of the main driving forces of CO2 emissions in India during17
the period 1990− 2016 through the use of an enlarged version of the Kaya18
identity, which establishes a link between CO2 emissions, types of energy19
sources (16), size of the economic sectors (3) and value of the Gross Domes-20
tic Product. India’s CO2 emissions increased by 276% in the period under21
study, due to the rapid economic growth of India, which has been the domi-22
nating driving force contributing to the increase in CO2 emissions by 241%,23
while the energy intensity has been the main one reducing them by approx-24
imately −47%. So far, the use of coal has supported the rapid economic25
growth and the contribution of renewable energy, although significant, is26
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still short compared to the total amount of energy employed. Remarkably,27
the estimated value of the emission intensity for 2020 supposes a 26% re-28
duction concerning the value in 2005. According to this result, India is on29
the right pathway to fulfil its Nationally Determined Contribution but not30
to reduce its net CO2 emissions.31
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1. Introduction36
Climate has become, in this century, a major concern for population who37
perceive global warming as a threat for the future of our society. Global38
warming and its outcome, namely, the Climate Change, is largely connected39
with anthropogenic CO2 emissions. The Intergovernmental Panel for Cli-40
mate Change (IPCC), in its latest assessment report (Stocker et al., 2013)41
and in its special report on a 1.5◦C increase in global temperature (Masson-42
Delmotte et al., 2018), points towards the direct connection between human43
activity and the observed rising value of the Earth’s average temperature44
during the last centuries. The temperature has increased by around 1◦C45
over the last 100 years. The link between global warming and human ac-46
tivity is CO2 emission, although other gases are also noteworthy, such as47
methane (CH4), nitrous oxides (NOx), or hydrofluorocarbons (HFCs) and48
perfluorocarbons (PFCs). All these are known as greenhouse gases (GHGs)49
because they contribute in a strong manner to the so called greenhouse ef-50
fect which is, as a matter of fact, responsible for the relatively warm and51
pleasant temperature of the Earth. However, nowadays, it has been exac-52
Abbreviations: act, economic activity; BRIC, Brazil, Russia, India, and China;
CO2, carbon dioxide; GDP, Gross Domestic Product; GHG, greenhouse gases; HDI,
Human Development Index; IDA, index decomposition analysis; int, intensity; IPAT,
Impact, population, affluence, and Technology; IPCC, Intergovernmental Panel for Cli-
mate Change; kCO2, kg of CO2; koe, kg of oil equivalent; LMDI, Logarithmic-mean
Divisia index; LPG, liquefied petroleum gas; mix, energy mix; MtCO2, million tonnes
of CO2; NDC, Nationally Determined Contributions; OECD, Organisation for Economic
Co-operation and Development; pop, population; ppm, parts per million; str, economic
structure; tCO2, tonnes of CO2; toe, tonnes of oil equivalent; UNFCCC, United Nations
Framework Convention on Climate Change; USD, 2010 constant international dollars.
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erbated and is leading us into a global climate emergency (Ripple et al.,53
2020) because GHG levels, far from being stabilised, show a clear tendency54
to increase according to the IPCC report (Masson-Delmotte et al., 2018).55
The connection between CO2 or other GHG emissions and human ac-56
tivity is found in the economic activity mediated by the use of energy of57
fossil origin. In a more detailed way, the emissions are connected to eco-58
nomic development, which can be roughly described through the value of59
the Gross Domestic Product (GDP) and the structure of the production60
system. Furthermore, the emissions are connected with the size of the pop-61
ulation, the types of energy used, the available technology or the magnitude62
of international trade (Alca´ntara and Padilla, 2005). According to IPCC re-63
ports, economic development and global warming are likely to be connected64
in a straightforward one-way manner, i.e. from economic growth into CO2.65
However, (Stern, 2007) points towards a two-way connection, from CO266
emissions into economic growth as well. It is noteworthy that the use of67
energy is not the only source of CO2 emissions, although it is by far the68
largest, representing 76% of the world GHG emissions (approximately 65%69
is from fossil fuels, 11% from deforestation and land use) (US EPA, 2019),70
the rest of GHG emissions corresponding mainly to methane and nitrous71
oxides.72
The causal relationship between CO2 emissions and economic develop-73
ment was first suggested in the 1990’s by Kaya (Kaya and Yokobori, 1993)74
and the term Kaya identity was coined soon after. The Kaya identity is75
a kind of tautology in which CO2 emissions are written down in terms of76
population, GDP per-capita, energy intensity, i.e., energy use over GDP,77
and emission factors, i.e., CO2 emission over energy. It has been exten-78
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sively used to calculate CO2 inventories, to estimate CO2 emissions or in79
the framework of scenarios theory in the medium and short term (IPCC,80
2006).81
In view of the size of the problem that represents global warming and82
Climate Change, most of developed nations have designed policies oriented83
to the reduction of CO2 emissions, in spite of affecting its economic de-84
velopment (see Nationally Determined Contributions (NDCs) (UNFCCC,85
2019a)). Very good examples of this tendency are the European Union and86
California (Meckling et al., 2017), where the investments in energy efficiency87
and renewable energies has been strongly promoted, while the use of fossil88
fuels has been discouraged through the rising of taxes. In the short term,89
these measures could affect GDP growth, but in the long term, EU decar-90
bonisation strategy is expected to have a positive effect (Antimiani et al.,91
2016).92
In general, in most of the developed countries, the reduction of CO2 emis-93
sions is a major goal regardless of the possible effect on economic growth.94
However, in developing countries, such as India, the position is rather the95
opposite, with economic development as the cornerstone to design medium96
and long term policies. As a matter of fact, according to the World Bank97
(WB, 2019a), the GDP per capita of the European Union was 37417 USD198
in 2018, which corresponds to 344% of the world’s average (10882 USD),99
while the case of India corresponds to 2104 USD, representing only 19% of100
the world’s average and 5.6% of the European Union’s value. Therefore,101
this strong difference between a well-developed area, such as the European102
1Throughout this work we will consider as currency, by default, 2010 constant inter-
national dollars which we will refer to as USD, for brevity, unless otherwise is specified.
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Union, and India should determine clear differences between the policies103
in both regions concerning mitigation measures affecting CO2 emissions.104
In India a rapid increase of its GDP is expected and desirable, which, in105
principle, will suppose a notable increase of the country’s emissions, unless,106
mitigation measures are implemented. Considering the size of the country,107
its rapid economic development will, without doubt, imply an increase of108
the world’s emissions, in spite of the efforts of developed countries (Shuang109
et al., 2016).110
The main goal of this work will be to analyse how, in India, the different111
driving forces that modulate the CO2 emissions, namely, population, eco-112
nomic activity, economic structure, energy intensity and energy mix, have113
evolved since the 1990’s until nowadays to serve as a reference to policymak-114
ers to determine possible environmentally sustainable policies. Surprisingly115
enough, there are not too many previous studies (see Section 3 for the lit-116
erature review) that shed light on the evolution over time of emissions in117
India during the period between 1990 and 2016. To this end, the so-called118
logarithmic-mean Divisia index (LMDI) will be used in conjunction with119
an extension of the Kaya identity in which the energy is disaggregated in120
terms of the type of fossil fuel or its renewable origin, considering, in total,121
sixteen types of energy sources. Moreover, we will consider the economic122
system as divided in three sectors, such disaggregation is a key point of this123
work, allowing a fine-grained analysis. The scarcity of Kaya-LMDI studies124
concerning CO2 emissions for India is one of the main reasons for conduct-125
ing this work. Additionally, as far as we know, such a detailed breakdown126
by fuel type and energy source has not been performed before, using the127
Kaya identity.128
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The rest of this paper will be organized as follows. In Section 2, the129
main figures of India are depicted, to define the size of the problem of CO2130
emissions for this country. In Section 3, the relevant literature concern-131
ing the use of the LMDI method in India is reviewed. In Section 4 the132
used methodology is sketched. Section 5 serves to present the results and133
their discussion, and finally, Section 6 provides the conclusions and policy134
implications.135
2. Overview of the study area136
India is a federal republic based on a parliamentary democracy, whose137
population in 2018 was 1353 million inhabitants, being the second most138
populated country in the world (population of 7594 millions in 2018) (WB,139
2019b). That is, almost 18% of the planet’s population is living in India.140
On the other hand, India is the seventh largest country in terms of GDP141
(2.846 trillions USD), having an area of 3.287 million km2 (WB, 2019b).142
India is expected to surpass China as the most populated country in the143
world in 2027 (UN, 2019).144
Unfortunately, according to the Organisation for Economic Co-operation145
and Development (OECD), almost 25% of its population still lives below146
the poverty line. Indeed, about one third of the world’s population living147
with less than 1.9 USD a day lives in India (OECD, 2019). Moreover, social148
inequalities in India are very large. As a matter of fact, the richest 1% of149
the population owns 53% of the country’s wealth (WEF, 2016).150
In spite of the problems mentioned above, the economic growth of In-151
dia remained stable during the last few decades. Surprisingly enough, even152
during the Great Recession, India’s GDP grew at rates always above 5%.153
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Table 1: Economic indicators for India. (e) stands for estimated data. Data taken from
the IMF (2019).
2016 2017 2018 2019(e) 2020(e)
GDP (current prices,
billions USD)
2289.75 2652.24 2718.73 2935.57 3202.18
Real GDP growth (an-
nual percent change)
%)
8.17% 7.17% 6.81% 6.12% 7.03%
GDP per capita (cur-
rent prices USD)
1761.63 2014.01 2037.69 2171.64 2388.11
Inflation rate, average
consumer prices (an-
nual percent change
(%)
4.5 3.6 3.4 3.4 4.0
According to the International Monetary Fund (IMF) (IMF, 2019), the In-154
dian economy recorded the third highest growth in the world, driven by the155
recovery of industrial activity, especially in manufacturing and construc-156
tion, and an expansion of agriculture. The sectors that most promoted that157
growth were manufacturing, electricity, gas and water supply, construction,158
public administration and defence industry (IMF, 2019). That growth is ex-159
pected to continue rising in the next years, with, for example, an expected160
increase of 6.12% in 2019 and of 7.03% in 2020. In Table 1, the main eco-161
nomic indicators for India are depicted. Moreover, in Fig. 1, the evolution162
of the GDP and the relative size of the three economic sectors in India are163
shown from 1990 until 2016. All these indicators show the great potential164
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of India, where, in coming years, a steady economic growth is expected,165
which could lead the country to be one of the main actors in the global166
economy. In Fig. 2, the evolution of the world’s GDP per capita compared167
with India’s can be seen. Both have strongly increased in the period under168
study, but the distance between India and the average world GDP is even169
larger than at the beginning of the studied period.
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Figure 1: GDP value and share of economic sectors of India during the period 1990-2016.
Data taken from WB (2019b).
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According to the British Petroleum Statistical Review of World Energy171
2018 (BP, 2018), India, in 2017, was ranked as the third largest energy172
consumer and CO2 emitter in the world, with 2344.2 MtCO2, which rep-173
resents 7% of global CO2 emissions. By far, the largest emitter is China174
with 9232.6 MtCO2 (27.6%), followed by United States with 5087.7 MtCO2175
(15.2%). Hence, these three countries account for almost half (49.8%) of176
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the global CO2 emissions. However, the observed trends of these countries177
are very different. On one hand, United States reduced its emissions in the178
2006 − 2016 decade (-1.2%), while China and India increased them by a179
3.2% and 6%, respectively. Most probably, this rapid increase could be the180
reason for the growth (1.6%) of global emissions in 2017, after several years181
of almost constant emissions. In Fig. 2, the CO2 emissions of India and the182
world are compared during the period 1990-2016, showing that India al-183
ready represents a sizeable fraction of the total global emissions. Moreover,184
the trend clearly shows how, in the future, India could become one of the185
main contributors. In terms of carbon emissions per capita, India emits 1.9186
tCO2 per inhabitant and year, which is four times lower than the emissions187
of China per capita and the European Union or eight times lower than that188
of United States. As a matter of fact, emission per capita in India are even189
lower than in many developing countries (UN, 2017).190
Under the point of view of energy consumption, the average annual191
energy consumption of India in 2014 was only 0.637 tonnes of oil equivalent192
(toe) per capita as compared to the global average of 1.920 toe per capita193
(WB, 2019b). That is, less than a third of the global average consumption.194
Finally, it is worth to mention what is claimed in page 5 of the India’s NDC195
submitted to the United Nations Framework Convention on Climate Change196
(UNFCCC) for the period 2021 − 2030: “It may also be noted that no197
country in the world has been able to achieve a Human Development Index198
of 0.9 or more without an annual energy availability of at least 4 toe per199
capita” (UNFCCC, 2019b). Considering that India’s Human Development200
Index (HDI) in 2017 was 0.640 (UNDP, 2019), being in the position 130 of201
the global rank, there is still a long road for India’s authorities to provide202
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Figure 2: Comparison of CO2 emission and GDP per capita for India and the world for
the period 1990-2016. Data taken from WB (2019b).
a more dignified life to its population. This improvement in the standard203
of living of Indian population will suppose a very large increase of India’s204
emissions if no mitigation measures are undertaken. As a matter of fact,205
the elements of the India’s roadmap defined in its NDC are adaptation and206
mitigation strategies, financial aspects, technological shift, building capacity207
and, last but not least, transparency of action and support (UNFCCC,208
2019b, page 4). Regarding the mitigation strategy, the unconditional goal209
of India’s NDC for the period from 2020 to 2030 (UNFCCC, 2019b, page 29)210
consists in reducing the emissions intensity of its GDP by 33−35% by 2030211
below levels of 2005. However, by 2030, two other conditional goals should212
be accomplished: the increase in the share of non-fossil energy over the total213
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power generation capacity up to 40% and the creation of an additional214
cumulative carbon sink of 2.5 − 3 GtCO2 equivalent through additional215
forest and tree cover. The adaptation strategy is developed by enhancing216
investments in development programs in sectors which are vulnerable to217
climate change, particularly agriculture, water resources, Himalayan and218
coastal regions, health and disaster management.219
3. Literature review220
The literature concerning the analysis of the driving forces of CO2 emis-221
sions and its connection with economic development and energy consump-222
tion is vast. In this section, we will concentrate on those papers that apply223
a similar methodology to the one used in this paper, in particular, the Kaya224
identity and the LMDI methods applied to India or a group of countries of225
which India is part.226
The LMDI method which appeared in the late 1970s, it is framed in227
the index decomposition analysis (IDA), and it is an analytical tool tailored228
originally for energy studies. However, since then, it has been extended to229
many other areas, including CO2 emission studies, environmental manage-230
ment, and sustainable use of natural resources. The LMDI is based on a231
sum of relative changes that is weighted in an appropriate way and that232
uses the concept of Divisia index introduced in the 1920’s by F. Divisia. On233
the other hand, the logarithmic mean weight function was first introduced234
by Ang (Ang and Choi, 1997), generating the first family of LMDI decom-235
position methods. In that paper, the authors focused on the decomposition236
of the aggregate energy and gas emission intensities for the industry. Since237
then, the use of LMDI had a rapid growth, in particular thanks to the works238
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(Ang and Liu, 2001) where LMDI-I and LMDI-II were set up and to (Ang,239
2005) which provides a practical guide of LMDI for non-practitioners. A240
few years ago, an updated review on the use of LMDI was published by241
Ang (2015) where the author reported 554 journal articles using LMDI as242
an analytical tool published until 2014.243
The relationship between economic growth, energy use and CO2 emis-244
sions in India has not been studied extensively in the literature and the245
publications are mostly concentrated in the last ten years. In particular,246
the connection between economy and CO2 emissions has been studied in a247
set of publications for panels of countries, with India among them. In (An-248
dreoni and Galmarini, 2016) 33 countries were studied during the period249
between 1995 and 2007, concluding that the main impact on the growth of250
CO2 emissions came from economic growth, while improvements on energy251
efficiency generate the largest reductions. However, the analysis for India252
was restricted to the period 2004-2008. In (Shuang et al., 2016), the au-253
thors analyze in depth the coupling between economy and CO2 emissions254
in BRIC countries, namely, Brazil, Russia, India, and China, during the255
period between 1995 and 2014. Once more, it was observed how energy in-256
tensity played a major role in moderating the rise in CO2 emissions. In the257
case of India, that happens in 13 out of the 20 studied years. Energy mix258
and fossil energy effects also contribute to the reduction of emissions, but259
neither during the whole period nor for all the countries. In (Kangyin et260
al., 2019), the authors carried out a LMDI decomposition for countries with261
different levels of income, during the period between 1980 and 2030, con-262
sidering different levels of income and defining several scenarios, concluding263
that, once more, energy intensity produces the biggest reduction while the264
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increase in the GDP the largest rise of CO2 emissions. It is worth to mention265
that upper-middle-income countries present, by far, the largest potential to266
reduce CO2 emissions in the near future. In (Henriques and Kander, 2010),267
an LMDI decomposition of 10 developed and 3 emerging economies, India268
among them, was conducted for the period between 1971 and 2005. An269
interesting conclusion is that the major driver in mitigating the rise in CO2270
emissions is the evolution of energy intensity in the manufacturing sector.271
On the other hand, the transition to a service sector had a small impact in272
the decline in value of the energy intensity in 7 of the developed countries273
analysed. In the case of India the technological effect in the manufacturing274
sector and the use of more efficient fuels are responsible for the reduction275
of energy intensity. In (Inglesi-Lotz, 2018) the BRIC countries, together276
with South Africa, are studied for the period between 1990 and 2014. In277
the five countries analysed, it was observed that the slowdown of CO2 emis-278
sions is tightly connected with improvements in energy intensity and carbon279
intensity, although for India and China the rebound effect was observed.280
In (Kanitkar et al., 2015), different developing countries and scenarios281
during the period between 1971 and 2008 were studied concluding that the282
efforts in mitigation should be larger than expected to fulfil the required283
reductions. In (Lima et al., 2017), three emerging economies, Brazil, China284
and India, and three well developed ones, Portugal, Spain and United King-285
dom, were studied during the period between 1971 and 2008. It was ob-286
served how in developing countries the increase of energy consumption is287
a common factor, while in the developed ones the trend is just the oppo-288
site. Only the improvement in energy efficiency can compensate the rise in289
energy consumption in developing countries, induced by a rapid economic290
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growth. Marcucci and Fragkos (2015) study CO2 emissions in China, In-291
dia, the European Union, and United States, using scenarios that allow292
extrapolations until 2100, starting the analysis in 1990. As stated in other293
references, energy intensity is shown to be a key factor to moderate the rise294
in CO2 emissions. However, in the long term, the use of carbon capture and295
storage methods to achieve a reasonable level of CO2 in the atmosphere296
has been proved compulsory. In (Solaymani, 2019), the author studied CO2297
emissions coming from the transport sector in Brazil, Canada, China, India,298
Japan, Russia, and United States during the period between 1990 and 2015.299
Among other conclusions, they observed that in the case of India the emis-300
sions increased rapidly, being India the third largest contributor mainly due301
to diesel vehicles. In (Voigt, 2014), 40 different countries, developed and302
developing ones are analyzed during the period between 1995 and 2007. It303
is observed in the case of India how the improvement in energy intensity is304
mostly obtained through the technological change.305
There are very few publications in which India alone has been studied us-306
ing the LMDI decomposition technique. In (Das, 2014), CO2 emissions from307
the household sector in India have been studied during the period between308
1993 and 2007, obtaining that activity, structure and population factors are309
the main contributors to the rise in emissions. In (Kanitkar et al., 2019),310
the impact of the deployment of renewable energies on economic growth,311
incomes, and income distribution in India is studied for the period between312
2003 and 2030. It is shown that, under certain scenarios, these policies affect313
negatively on household incomes. (Paul and Nath Bhattacharya, 2004) is314
devoted to the study of a CO2 decomposition for India in the period between315
1980 and 1996, concluding that economic activity has the most significant316
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effect in the rise of CO2 emissions, while energy intensity contributes the317
most to their reduction. Industry and transport sectors present a decreasing318
trend owing to the improvement of energy intensity and to the shift to less319
carbon-intensive fuels. In (Tiwari and Gulati, 2013), the authors carried320
out a study of the transport sector in India during the period between 2001321
and 2007, reaching the reasonable conclusion that changes in the amount322
of consumed energy are modulated by the growth of transport volume. In323
(Wang and Li, 2016), the drivers of energy consumption in China and India324
are studied using the IPAT (Commoner et al., 1972) and the LMDI methods325
in the period 1970-2012. In the case of India, it is observed that a 7.39-folds326
growth of energy use between 1970 and 2012 is the result of the increase in327
population and the slow increase in income, without a clear improvement328
in the technology used, which suggests that new policies should be imple-329
mented to promote energy-efficient technologies. In (Yeo et al., 2015), the330
authors studied the driving forces of CO2 emissions in the residential sector331
of China and India during the period between 1990 and 2011, using a Kaya332
identity decomposed by type of fuel and an additive LMDI, concluding that333
the changes of population and energy consumption were the major driving334
forces that impinge CO2 emissions. It is worth mentioning a set of very335
recent works that use the LMDI and decoupling analysis which, despite336
being focused on China, shows a very relevant analysis to comprehend the337
connection between CO2 intensity and economic growth. This analysis can338
also be of interest for the case of India. In particular, in (Ma et al., 2019a),339
carbon mitigation is studied in the residential building sector. In (Ma et340
al., 2019b), the decoupling between carbon intensity and economic growth341
in the service industry is analysed. Finally, in (Liang et al., 2019), the con-342
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nection between carbon intensity and the level of income in the residential343
building sector was explored.344
Once we gathered the most up-to-date literature on the analysis of CO2345
emissions for India which use one of the many versions of IDA methods, we346
noticed that it is still necessary to fill certain gaps in the existing literature.347
Namely:348
1. To extend the analysis to a longer period of time in order to gain349
insight on the impact of the different drivers over time.350
2. To perform a more detailed disaggregation in types of sectors and351
fuels.352
3. To clarify the effect of the size of economic sectors in the amount of353
CO2 emissions.354
4. To provide a clearer view of the evolution over time of the CO2 driving355
forces by referring the LMDI values to a single reference year instead356
of presenting the relative change year by year.357
All in all, this study can be of use for shedding light on certain questions:358
1. Is energy intensity the key factor in the reduction of CO2 emissions359
in India?360
2. How can the high energy demand in a developing country like India361
be modulated in order to moderate the rise in CO2 emissions?362
3. Is the increase in CO2 emissions in a steady-growing GDP scenario363
unavoidable?364
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4. Are the Indian Governments efforts in incentivising renewable energies365
enough?366
5. 5. How is the CO2 intensity in India evolving?367
All these questions will be answered throughout this work.368
4. Model and methodology369
4.1. Formulation of the model: the enlarged Kaya identity370
The model to calculate CO2 emissions from fossil energy corresponds371
to a nexus relationship, which is an extension of the original Kaya identity372
where we disaggregate by type of fuel and economic sector and it is quite373
similar to the formalism used in Refs. (Robalino-Lo´pez et al., 2014a,b, 2015)374
According to the Kaya identity, the amount of CO2 emissions from industry375
and other energy uses may be studied by quantifying the contributions of six376
different factors: population, value added per capita, economic structure,377
energy intensity, energy mix, and CO2 emission factors. The CO2 emissions378
can be written down as,379
C =
∑
ij
Cij =
∑
ij
P
Q
P
Qi
Q
Ei
Qi
Eij
Ei
Cij
Eij
= P · q
∑
ij
Si · EIi ·Mij · Uij , (1)
where C is the total CO2 emission of India in a given year; Cij is the CO2380
emission arising from fuel of type j in the economic sector i (note that the381
index i runs over 3 sectors, namely, primary, industry and service sector, and382
the index j over sixteen types of energy sources, namely, coal, petroleum,383
gas, biofuel-solid, liquid and gas, solar and wind, nuclear, hydroelectric,384
diesel, gasoline, fuel oil, LPG, naphtha, kerosene and kerosene for aviation;385
P is the population of India; Q is the total GDP of the country; Qi is the386
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GDP of sector i; q is the GDP per capita in India; Si is the share of sector i387
to the GDP of the country; Ei is the energy consumption in the sector i; Eij388
is the consumption of fuel j in the sector i; the energy intensity in sector i is389
given by EIi (
Ei
Qi
); the energy matrix is given by Mij (
Eij
Ei
) representing the390
share of energy use of type j in the sector i; finally, the CO2 emission factor391
is given by Uij(
Cij
Eij
)2. The driving forces appearing in Eq. (1) are imposed392
ad hoc but are well supported in the literature (Yeo et al., 2015; Yang et393
al., 2020; Wang and Li, 2016).394
4.2. The Logarithmic mean Divisia Index (LMDI)395
There is a broad set of decomposition methods based on LMDI (see396
Section 3), but among them, we will use the LMDI-I because several of397
its characteristics, namely, it satisfies the factor-reversal test, i.e., there is398
no residual term in the results, the decomposition formula has a relatively399
simple form, being the same regardless the number of factors involved in the400
decomposition, and both versions of the model, the multiplicative and the401
additive are connected in a straightforward way. The goal of this method is402
to write down the value of the aggregated quantity in a given year, t, with403
respect to a reference one as the sum or product of the contributions of the404
driving forces, which corresponds, in the case of the additive decomposition405
to,406
∆C(t) = C(t)− C(0) = ∆Cpop(t) + ∆Cact(t) + ∆Cstr(t)
+ ∆Cint(t) + ∆Cmix(t) + ∆Cemission(t), (2)
2Throughout this paper, as a convention, we will always refer to the sector with the
i index and to the type of energy source with the j index.
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where ∆Cpop(t), ∆Cact(t), ∆Cstr(t), ∆Cint(t), ∆Cmix(t), ∆Cemission(t), should407
be understood as the CO2 variations due to the change in population, the408
change in GDP per capita, the change in the economic structure, the change409
in energy intensity, the change in the energy mix, and the change in the410
emission factor, respectively. The value of these contributions provided by411
the LMDI (Ang and Choi, 1997) can be written down as412
∆Cpop(t) =
∑
ij
Cij(t)− Cij(0)
lnCij(t)− lnCij(0)
ln
P (t)
P (0)
, (3)
∆Cact(t) =
∑
ij
Cij(t)− Cij(0)
lnCij(t)− lnCij(0)
ln
q(t)
q(0)
, (4)
∆Cstr(t) =
∑
ij
Cij(t)− Cij(0)
lnCij(t)− lnCij(0)
ln
Si(t)
Si(0)
, (5)
∆Cint(t) =
∑
ij
Cij(t)− Cij(0)
lnCij(t)− lnCij(0)
ln
EIi(t)
EIi(0)
, (6)
∆Cmix(t) =
∑
ij
Cij(t)− Cij(0)
lnCij(t)− lnCij(0)
ln
Mij(t)
Mij(0)
, (7)
∆Cemission(t) =
∑
ij
Cij(t)− Cij(0)
lnCij(t)− lnCij(0)
ln
Uij(t)
Uij(0)
. (8)
It is also possible to perform the decomposition in a multiplicative way413
such that,414
D(t) = C(t)/C(0) = Dpop(t) ·Dact(t) ·Dstr(t) ·Dint(t) ·Dmix(t) ·Demission(t),
(9)
where Dpop(t), Dact(t), Dstr(t), Dint(t), Dmix(t), Demission(t), should be un-415
derstood as the CO2 relative variations due to the change in population, the416
change in GDP per capita, the change in the economic structure, the change417
in the energy intensity, the change in the energy mix, and the change in the418
emission factor, respectively. The value of these contributions provided by419
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the LMDI (Ang and Choi, 1997) are:420
Dpop(t) = exp

∑
ij
Cij(t)−Cij(0)
lnCij(t)−lnCij(0)
C(t)−C(0)
lnC(t)−lnC(0)
ln
P (t)
P (0)

 , (10)
Dact(t) = exp

∑
ij
Cij(t)−Cij(0)
lnCij(t)−lnCij(0)
C(t)−C(0)
lnC(t)−lnC(0)
ln
q(t)
q(0)

 , (11)
Dstr(t) = exp

∑
ij
Cij(t)−Cij(0)
lnCij(t)−lnCij(0)
C(t)−C(0)
lnC(t)−lnC(0)
ln
Si(t)
Si(0)

 , (12)
Dint(t) = exp

∑
ij
Cij(t)−Cij(0)
lnCij(t)−lnCij(0)
C(t)−C(0)
lnC(t)−lnC(0)
ln
EIi(t)
EIi(0)

 , (13)
Dmix(t) = exp

∑
ij
Cij(t)−Cij(0)
lnCij(t)−lnCij(0)
C(t)−C(0)
lnC(t)−lnC(0)
ln
Mij(t)
Mij(0)

 , (14)
Demission(t) = exp

∑
ij
Cij(t)−Cij(0)
lnCij(t)−lnCij(0)
C(t)−C(0)
lnC(t)−lnC(0)
ln
Uij(t)
Uij(0)

 . (15)
Note that all the quantities correspond to an aggregated magnitude over all421
sectors and types of energy, but they can also be defined for a given sector422
or a given type of energy. To do so, it is only needed to limit the sum inside423
previous equations to the appropriated range. Moreover, latter expressions424
present an explicit dependence on time, which will allow to study the time425
evolution of all driving forces.426
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4.3. Sources of data427
Table 2: Emission factor per type of fuel, given in kgCO2/koe. Source: US EPA (2019).
Fuel Emission factor (kgCO2/koe)
Coal 4.511
Petroleum 2.978
Natural gas 2.106
Biofuel (gas) 2.066
Biofuel (solid) 0
Biofuel (liquid) 2.930
Solar and wind 0
Nuclear 0
Hydroelectric 0
Diesel 2.973
Gasoline 2.789
Fuel oil 2.935
LPG 2.449
Naphtha 2.871
Kerosene 2.984
Jet kerosene 2.866
The data considered along this work has been obtained from the official428
databases of the World Bank (WB, 2019b), the IPCC (IPCC, 2006), the429
International Energy Agency (IEA, 2019), the United States Environmen-430
tal Protection Agency (US EPA, 2019), and the International Agency for431
Atomic Energy (IAAE, 2019). CO2 emissions are given in kgCO2, tCO2 or432
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MtCO2, GDP is given in 2010 constant international dollars and we will re-433
fer to as USD, energy in kg of oil equivalent (koe) or tonne of oil equivalent434
(toe). The emission factors are provided in kgCO2/koe as shown in Table435
2. These factors are calculated by dividing the amount of CO2 emitted by436
the amount fuel used and they are assumed to be representative values of437
long-term averages. Note that the carbon-free-emission energy sources are438
the solid biofuel, solar and wind, the nuclear and the hydroelectric energy.439
Throughout this work, when referring to renewable energy, we will group440
under the same name all energy sources with a null emission factor, namely,441
to the latter four energy sources.442
5. Empirical results and discussion443
5.1. Energy and renewable energy consumption444
The demand of energy in India has rapidly increased during the studied445
period, as can be seen in the right scale of Fig. 3. Due to its large im-446
pact on the reduction of CO2 emissions, it is worthy to study in detail the447
contribution of renewable energies to the energy mix. Note that along this448
section when referring to renewable energies, we mean CO2 free emissions449
energy sources, namely, solid biofuel, nuclear energy, hydroelectric energy,450
solar and wind energy.451
There is a paradoxical effect regarding the participation of renewable452
energy in India’s energy mix, namely, its participation has been steadily453
dropping during the whole studied period in all the different economic sec-454
tors (see left scale of Fig. 3), especially in the service sector, in spite, of the455
global increase of its use. The reason is the large increase of the energy used456
during the period under study that has been multiplied by a factor 2.5 (see457
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Figure 3: Fraction of renewable energy use per sector (left scale) and total energy and
renewable energy consumption (right scale).
the right scale of Fig. 3) and that, therefore, it has been reached thanks to458
the use of fossil energy sources.459
Indeed, in Fig. 4 the evolution of the total amount of renewable energy460
is depicted. In panel A, all the energies are included, while, in panel B, the461
much larger component, namely biofuel, has been removed to enhance the462
contribution of the rest of sources. One can notice how the use of renewable463
energy has largely increased during the whole period. The use of biofuel,464
especially wood, for cooking and heating has increased by 25% (see panel A465
of Fig. 4). The use of nuclear energy has also increased by a factor five due466
to the construction of new nuclear power plants, although its contribution is467
still below 1.5% of the total energy consumption of the country. As a matter468
of fact, the production of electricity from nuclear plants increased from 26.4469
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Figure 4: Evolution of the amount of renewable energy used during the period under
study. Top panel includes all energies while bottom one does not include biofuels.
GW·h in 2011 to 31.5 GW·h in 2012 (IAAE, 2019) with a total number of 21470
operating reactors and an installed capacity of 6680 MW. Note the sudden471
increase of the amount of nuclear energy in 2007 due to the operation of two472
new reactors in the Tarapur plant with a total power of 1.08 GW. It is worth473
mentioning that 11 additional reactors are under construction in order to474
generate an extra 8100 MW of power. The use of hydroelectric energy has475
been more than doubled in the period under study, with a continuous rate476
of construction of new infrastructures during the studied period. The use477
of solar and wind energy was essentially negligible at the beginning of the478
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period, but it has largely increased in the last years at a yearly rate of479
15%. In summary, the use of renewable energies has been largely promoted480
in India in the last 25 years, but still its contribution is not enough to481
compensate the large increase of energy consumption that has been covered482
so far mainly with fossil sources.483
5.2. CO2 emissions by type of fuel and sector484
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Figure 5: India’s CO2 emissions separated by economic sector during the period 1990-
2016.
One of the novelties of this work is that it deals with sixteen different485
energy sources that present very different emission factors, and three differ-486
ent economic sectors. In Fig. 5, the CO2 emissions separated by sector in487
the period under study are depicted. Note that the value of the emissions488
has been calculated using equation (1) adding up over the sixteen different489
types of fuels for every given sector. The increase of the emissions during490
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the studied period is a common factor regardless the sector. However, the491
major increase happens in the industry sector, followed by the service sector.492
The primary sector shows a much more constant tendency over the whole493
period, although its emissions at the end of the period are roughly double494
than at the beginning. According to the Kaya equation, this behaviour can495
be partially understood by considering GDP growth, by a factor of 5, and496
the evolution of the relative size of the three economic sectors, as shown in497
Fig. 1. On the other hand, the size of the primary sector has been reduced,498
going from 28% to 15%. The industry sector has remained stable during the499
whole period with a share of roughly 28%, and the service sector has passed500
from 44% to 55%. In spite of the general growing tendency, the emissions501
in the primary and the industry sectors have shown a clear stabilization502
during the last three years.503
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Figure 6: India’s CO2 emissions in the primary (panels A and D), industry (panels D
and E) and service (panels C and F) sectors separated by type of fuel during the period
1990-2016. Panels A, B and C include all energy sources, while in panels D, E and F,
coal is excluded.
To understand in depth the evolution of CO2 emission it is worthy to504
study the contribution of the different fuels per economic sector. Hence, in505
Fig. 6, we present, in a disaggregated way, the CO2 emissions per type of506
fuel and sector. In the upper panels (A and D), the results for the primary507
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sector are depicted, panel A including all type of fuels and panel D taking508
out the coal, to appreciate better the evolution of the rest of fuels whose509
contributions are much smaller. One can see how coal and diesel, and, to a510
lesser extend, oil and natural gas are the main contributors to the emission511
of this sector, with an increasing contribution of biogas during the last512
decade. Coal is used for the production of electricity, while diesel to power513
vehicles in agricultural tasks. Note the clear reduction of emissions coming514
from coal in the last three years, which is most probably the reason for the515
stabilization of emissions of the sector during the same period (see Fig. 5).516
In panels B and E of Fig. 6, the emissions for the industry sector are517
depicted. This sector presents by far the largest emissions, as shown in518
Fig. 5, which is a consequence of its large size and also of its large emission519
intensity. In Fig. 6 one can appreciate how coal is also by far the main520
contributor to CO2 emissions from industry, followed by oil, biogas and521
natural gas, but in a rather minor proportion. Note that the rest of fuels522
present a much smaller and almost constant contribution. Note that the use523
of coal is mainly indirect, through the production of electricity. The trend of524
CO2 emissions coming from coal remained rather stable until the mid 2010’s,525
with a modest steady increase, but since then, the emissions increased at a526
large rate, until 2015, where a certain decrease and later stabilization was527
observed. This is also clearly reflected in the total emissions of the sector528
in Fig. 5. One can conclude that the emissions in this sector are largely529
driven by the use of coal and, as a consequence, it represents a key target530
for future CO2 reduction policies.531
Finally, in panels C and F of Fig. 6, the emissions coming from the532
different fuels used in the service sector are presented. Here, to a large533
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extent, coal, diesel, gasoline, and LPG are the four main contributors to the534
emissions of the sector. The rest of fuels contribute much less to its CO2535
emissions, with a noticeable decreasing contribution from kerosene. Here,536
coal in mainly used for production of electricity, while diesel, LPG, gasoline537
and kerosene for transportation. Note that in this sector the emissions from538
coal did not drop in the last years of the studied period, although they show539
a certain deceleration.540
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Figure 7: India’s LMDI decomposition for the whole period, 1990-2016, additive in panel
A and multiplicative in panel B.
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5.3. CO2 LMDI decomposition541
The main goal of this work is to calculate how the different components542
of the Kaya identity contribute to the CO2 emissions of India. According543
to the Kaya identity (1), there are 5 drivers, namely, population (pop),544
economic activity (act), economic structure (str), energy intensity (int),545
and energy mix (mix). Note that the emission factor has not been taken546
into account because it has been assumed as constant for the whole period.547
This decomposition analysis will allow to determine how big the impact of548
the different driving forces of the CO2 emissions is.549
First, in Fig. 7, the performance of the different driving forces for the550
whole period is presented, in its additive form (chart A) and in its multi-551
plicative one (chart B). The main conclusion is that economic activity, i.e.,552
the increase of GDP per capita, generated the largest surplus of CO2 emis-553
sions, accounting for 1611 MtCO2 (241%), followed by population with 543554
MtCO2 (51%), and energy mix with 320 MtCO2 (28%). The only drivers555
that mitigate CO2 emissions are the energy intensity term with -730 MtCO2556
(-47%), and in an almost negligible extent, the economic structure term with557
-17 MtCO2 (-1.3%). All in all leads to an increase in emissions during the558
whole period of 1727 MtCO2 (276%). In short, at least globally, it is fair to559
say that the energy intensity term manages to compensate the effect of pop-560
ulation and energy-mix contributions, while the increase in CO2 emissions561
comes from the activity term, being the effect of economic structure term562
negligible. In particular, in Refs. (Paul and Nath Bhattacharya, 2004) and563
(Yeo et al., 2015) the authors also concluded that the main contributors to564
CO2 emissions for India were the activity and the population term and the565
increase in the consumption of energy, while in Ref. (Kangyin et al., 2019)566
31
it was proven that the reduction of energy intensity is the most effective567
factor to mitigate the increase of CO2 emissions.568
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Figure 8: Evolution of the additive (panel A) and multiplicative (panel B) LMDI for
India during the period 1990-2016 and 2017-2020 (extrapolated values).
To obtain a more accurate view of the CO2 emission problem, it is worth569
to show the evolution of the LMDI decomposition as a function of time. This570
is presented in Fig. 8, where in panel A it is depicted the additive, while571
in panel B, the multiplicative LMDI decomposition. The results of both572
charts are connected but the information they provide is complementary.573
The first fact one can easily appreciate in both charts is that all the drivers,574
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except the activity term, present quite a homogeneous tendency during the575
whole period, with a steady increase in population and energy-mix terms,576
an almost constant value of the structure term and a continuous drop in577
the energy intensity term with a certain acceleration at the middle of the578
2000’s and a deceleration at the beginning of the 2010’s. However, the ac-579
tivity term presents two clear periods. The first one, until the mid 2000’s,580
which presents a moderate rise in emissions, and the second one, from the581
mid 2000’s onwards, which has a much larger increase in emissions. As582
already mentioned for the global analysis, the activity term closely follows583
the total emissions, which implies that at any moment the rest of compo-584
nents are almost compensated among themselves. It is worth to mention585
the increasing contribution of the energy-mix term, which suggests that the586
energy mix in India has diminished the contribution of carbon-free energy587
sources during the studied period, as was already shown in the previous sec-588
tion. However, one can notice a deceleration of the energy-mix contribution589
in the last two years which is motivated by the large increase in renewable590
energy use.591
In Fig. 8, the projection of the LMDI results until 2020 has also been592
performed. To such an end, a baseline scenario has been assumed for the593
five components of the LMDI analysis, assuming that the rate of variation594
for the forthcoming years corresponds to a kind of average of the last few595
years. Hence, the partial values for the five components are combined to596
obtain the full variation, either in both the additive and the multiplicative597
forms. The projection has been carried out as described in (Robalino-Lo´pez598
et al., 2015),599
yt = yt−1(1 + r), (16)
33
where yt and yt−1 stand for the studied quantity in time t and t− 1, respec-600
tively, and r for the rate of change. According to the extrapolated values,601
the activity component continues being the largest contribution, even sur-602
passing the value of the total emissions in 2020, which supposes that the603
effect of the rapid economic growth cannot be compensated by the effect604
of the rest of the components. The effect of the increase in population is605
still moderated, the contribution of the economic structure term is almost606
negligible, the energy-mix effect continues being positive with an upward607
sloping trend and the energy intensity term continues with a clear downward608
sloping trend.609
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Figure 9: Activity (panel A) and energy intensity (panel B) components of the additive
LMDI for India during the period 1990-2016.
The results presented in Fig. 8 are based on a very well established pro-610
cedure (Ang, 2005). However, it is important to evaluate how reliable these611
results are. Therefore, a comparison with a different method of decompo-612
sition is in order. Hence, we will conduct an alternative LMDI calculation,613
using the LMDI-II (see (Ang, 2015) for further details), that will be com-614
pared with the LMDI-I results, obtained through the calculation of its mean615
absolute percentage error (MAPE):616
MAPE∆Cm =
1
n
∑
ti
∣∣∣∣
∆Cm(LMDII , ti)−∆Cm(LMDIII , ti)
∆Cm(LMDII , ti)
∣∣∣∣× 100, (17)
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where m stands for “pop”, “act”, “str”, “int”, and “mix” (see Eqs. (3)-(7),617
n is the number of years and ti runs over the analysed years. The obtained618
values for the MAPE areMAPE∆Cm = 0.61%. Due to the small magnitude619
of these values, it is safe to say that the presented results are reliable enough.620
In view of the importance of the activity and the intensity components621
it is worth to disaggregate them in sectors. In panels A and B of Fig. 9,622
the additive LMDI for the activity and the energy intensity components,623
respectively, for the three sectors are depicted. One can notice how the624
primary sector has an increase in contribution, though small, during the625
whole studied period for both components. Its energy intensity contribu-626
tion is also slightly positive, but when comparing with the other two sectors,627
one notices that there is a lot of room for improvement in the primary sec-628
tor. Concerning the industry sector, its activity contribution raises rapidly629
during the whole period, presenting a noticeable acceleration from 2005 on-630
wards. However, its energy intensity term started increasing, then dropping631
and stabilizing and finally, dropping smoothly. Regarding the service sector,632
once more, its activity contribution also steadily increases, although slower633
than that of the industry sector. Its energy intensity contribution shows a634
steady decrease at the beginning, similarly to the industry sector, but from635
the year 2000 onwards, the drop becomes much more rapid.636
As a conclusion of this subsection, one can say that the major contributor637
to the raising of the emissions is the activity term of the industry sector,638
while the main reduction of CO2 emissions comes from the energy-intensity639
term of the industry and, especially, of the service sector, which is similar to640
the conclusion reached in (Henriques and Kander, 2010). It is also noticeable641
that the contribution of the energy-mix term is positive, i.e., it contributes642
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to the increase in emissions, while it would be expected to have a negative643
contribution as it happens in developed countries. In other words, the effect644
of the use of renewable energies is still small. To the best of our knowledge645
these conclusions have been never reached in the available literature. The646
vast increase in total power generation capacity from renewable sources has647
not been sufficient to offset emissions from non-renewable energy for two648
reasons:649
• The total energy consumption has grown much faster than the use of650
renewable energy. This huge growth in energy consumption is a con-651
sequence of the economic and demographic growth of India, added to652
the growing urbanization and industrialization of the country, which653
has exponentially increased the demand for municipal services, such654
as energy, housing, transportation, water and waste treatment.655
• The newly installed renewable power does not guarantee the contin-656
uous operation of these facilities. The critical issue is not the power657
generation capacity, but the real generation, that is, the hours of op-658
eration of renewable generation facilities, which are few compared to659
the hours of fossil fuel power plants (Andrew, 2018). For instance, in660
2017, the load factor of renewable energy-based power plants in India661
was, on average, about 30%, compared with the one coal-based power662
plants, 60%.663
As a consequence, it would have been more efficient to formulate Indian’s664
NDC energy goal in terms of “final energy consumption” and not in terms665
of “installed electric power capacity”.666
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5.4. Emission intensity667
Emission intensity is a very useful concept in order to characterise the668
relative performance of an economy with respect to CO2 emissions, regard-669
less of the size of the economy and the growth rate. As a matter of fact, India670
has set up a voluntary goal reduction of its emission intensity of 20− 25%671
in 2020 with respect to the value in 2005 (UNFCCC, 2019b). In Fig. 10,672
the evolution of emission intensity and, moreover, the separate value for the673
three economic sectors are depicted. First thing that is clearly shown is the674
continuous reduction in emission intensity over the whole period, which is675
compatible with the goal in reduction of 20−25% in 2020 with respect to the676
value in 2005. Indeed, according to the figure, the goal will be most prob-677
ably surpassed. According to the extrapolation presented in the previous678
section, emission intensity in 2020 will be roughly 0.81 kgCO2/USD, while679
in 2005, it had a value of 1.09 kgCO2/USD, which supposes a reduction of680
26%, in agreement with the voluntary target fixed by the government.681
The three economic sectors present a common steady decrease, although682
the primary sector showed a certain increase at the beginning of the period.683
The industry sector is characterised by a value that is roughly 2.5 that of684
the primary and service sectors. Therefore, once more, it is proved that the685
industry sector is the major contributor to the value of emission intensity,686
owing to its relative size and large use of coal as an energy source.687
The evolution of emission intensity in India shows that the country is688
doing intense efforts to reduce CO2 emissions through the implementation689
of new technologies which use energy more efficiently and through the use690
of more renewable energy sources. However, there is still a lot of room for691
improvement and, as matter of fact, the emission intensity of India is still692
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Figure 10: Emission intensity for India, disaggregated in sectors, during the period 1990-
2016.
four times that of Europe.693
6. Summary, conclusions and policy implications694
In this work, the time evolution of CO2 emissions separated by economic695
sector (3 sectors) and type of fuel (16 types of fuel) have been calculated696
through the use of the Kaya identity. The emissions in the industry sector697
are the largest ones, followed by the service and, in a rather minor pro-698
portion, by the primary sector. Concerning fuels, coal is by far the major699
contributor to CO2 emission in the three sectors, presenting a steady in-700
crease during the whole period, with the exception of the last three years,701
for which a modest reduction was observed (except in the service sector).702
Moreover, the analysis of the impact of renewable energies on the energy703
mix of India leads to a striking result, namely, the share of renewable in704
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the energy mix of the three sectors has constantly decreased, passing from705
a 40% at the beginning of the 1990’s to a 20% in 2016. However, great706
efforts have been taken to promote the use of renewable energies, greatly707
increasing the amount of renewable energy used. The obvious reason is the708
large increase in total energy consumption, which has grown much faster709
than the use of renewable energy.710
The key results of this work come from the LMDI analysis (Section711
5.3). The first outcome is that CO2 emission grew tremendously during712
the studied period, 1727 MtCO2 (276%). The main reason of this large713
growth was the rapid economic development, which reflects the increase of714
the GDP per capita and that supposes an increase of 1611 MtCO2 (241%).715
As a matter of fact, the time evolution of the CO2 emissions always presents716
an upward sloping trend with an acceleration of growth since the mid 2000’s717
onwards. The second driver with a positive contribution is the population718
term, which accounts for 543 MtCO2 (51%) but is much smaller than the719
activity term contribution. Therefore, population is not the main source of720
increase of CO2 emissions as one might naively think. The third driver with721
positive contribution is the energy-mix term, which accounts for 320 MtCO2722
(28%). Although this contribution seems to be small, in the majority of the723
developed countries it is negative, and therefore helps for the reduction of724
CO2 emissions as a consequence of the impact of renewable energies in the725
energy mix. In the case of India, this impact is still small and, indeed, the726
share of renewables in the energy mix has continuously dropped during the727
studied period. Finally, the two drivers with a negative contribution are the728
energy intensity term, which has been rapidly dropping during the whole729
period, even with a certain acceleration during the last decade, and the730
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economic structure term, although with an almost negligible contribution.731
In summary, the main factor contributing to the growth in emissions is732
the activity term, in particular, in the industry sector. The main factor733
contributing to the reduction in emissions is the energy intensity term, in734
particular, in the service sector and to a lesser extend in the industry sector.735
India is now the third largest CO2 emitter in the world, and could be-736
come in the future the largest one, even surpassing China and USA. This737
situation will happen in spite of the big efforts of the country to mitigate738
the emissions because it is one of the economies that is growing faster in the739
world and needs a large supply of energy to maintain its annual economic740
growth rates above 7%. Taking into account that the increase in GDP per741
capita seems to be a positive aspect in itself in spite of the increase of CO2742
emissions, it is needed to promote those factors that can compensate the743
natural increase in emissions due to the increase in wealth. To such an end,744
the first recommendation is to implement policies that discourage the use745
of coal, e.g., through an appropriate tax policy to induce a negative contri-746
bution from the energy-mix term. So far, the large increase in the use of747
renewable energy was unable to compensate the growth in total energy con-748
sumption. Therefore, it is compulsory to cover the new energy needs with749
renewable energy (including nuclear power) or, at least, natural gas (which750
has a much smaller emission factor than coal) to get a real reduction in751
CO2 emissions. A second recommendation concerns energy intensity, which752
is tightly linked to the technology used to transform the primary energy in753
the different sectors. According to our findings, energy intensity has had754
a very appropriated behaviour during the studied period contributing neg-755
atively to the CO2 emissions. It seems that this trend is quite natural in756
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the Indian economic system, especially in the industry and service sectors757
but not in the primary one (see Fig. 9). Therefore, it is worthy to promote758
a technological transformation in the primary sector that could effectively759
contribute to a faster reduction of the energy intensity contribution. In760
summmary, as suggested in (Wang and Li, 2016), the promotion of energy-761
efficient technologies is highly desirable. The last recommendation, but not762
least, is to moderate the growth of the population because although its ef-763
fect is not as big as the activity term, its contribution accounts for more764
than 30% of the total increase during the period 1990-2016.765
India is in a privileged position to fulfil its NDC regardless of its eco-766
nomic growth because some of its goals are defined relative to the value of767
the GDP. A good example is the target value of the emission intensity for768
2020 which was established as a reduction of 20− 25% with respect to the769
value of 2005. The estimated reduction for 2020, calculated in this work, is770
roughly 26%, in line with the goal of the government. Moreover, the Indian771
NDC establishes for 2030 a reduction in emission intensity of 30−35% with772
respect to 2005, which most likely could be fulfilled. However, none of the773
NDC’s goals are connected neither with the evolution of the GDP nor they774
do refer to any specific reduction in emissions. This decoupling of the cli-775
matic goals from the GDP makes almost unfeasible to get a real reduction776
of CO2 emissions neither at least a moderation of the growth.777
It is time to answer the questions posed in Section 3, namely:778
1. Is energy intensity the key factor in the reduction of CO2 emissions in779
India? The answer is obviously yes because, during the whole studied780
period, the energy intensity factor has caused a sharp decrease in781
emissions, especially in the industrial and service sectors, but not in782
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the primary sector, which could be the target for future mitigation783
policies.784
2. How can the energy demand in a developing country like India be785
modulated in order to moderate the rise in CO2 emissions? The an-786
swer to this question is noteworthy. In order to continue promoting787
the use of renewable energy and to avoid the use of high-carbon fuels,788
the latter should be gradually replaced by natural gas, which contains789
a much lower emission factor.790
3. Is the increase in CO2 emissions in a steady-growing GDP scenario791
unavoidable? Yes, unless there are drastic changes in the mitigation792
policies.793
4. Are the Indian Governments efforts in incentivising renewable energies794
enough? As it was shown in Section 5.2, the critical point is the795
replacement of coal as the main source of primary energy by gas,796
combined with the strong current incentive of renewable energies.797
5. How is the CO2 intensity in India evolving? It is evolving very well,798
meeting the goals established in its NDC UNFCCC (2019b). How-799
ever, for faster progress in the right direction, it would have been800
more efficient to formulate the commitments in its NDC in terms of801
net emissions reduction, as it has been done by, for example, the Eu-802
ropean Union. Nevertheless, India has formulated its goals in terms of803
emissions intensity (emissions/GDP) and total power generation ca-804
pacity, but as has been explained previously, this does not guarantee805
a decrease in emissions because renewable energy power plants may806
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be not functioning most of the time (for example, due to a lack of807
wind), as is occurring.808
It is of major importance that the international community supports India’s809
efforts to combat Climate Change in two major aspects. On the one hand,810
financing projects to mitigate CO2 emissions that in most of the cases will811
provide more significant revenues than if invested in developed countries812
and, on the other, transferring the state-of-the-art technology concerning813
the production of carbon-free energy. If the group of developed countries814
does not seriously consider these two aspects, the NDCs of developing ones,815
such as India, will become a wet paper and the goal of keeping global tem-816
perature below 2◦C will become just a dream, if not a nightmare.817
7. Acknowledgment818
This work has been partially supported by the Consejer´ıa de Economı´a,819
Conocimiento, Empresas y Universidad de la Junta de Andaluc´ıa (Spain)820
under Group FQM-370 and by European Regional Development Fund (ERDF),821
ref. SOMM17/6105/UGR. Resources supporting this work were provided822
by the CEAFMC and Universidad de Huelva High Performance Computer823
(HPC@UHU) funded by ERDF/MINECO project UNHU-15CE-2848.824
References825
Andrew, R., (2018). Why India’s CO2 emissions grew strongly in 2017.826
https://www.carbonbrief.org/guest-post-why-indias-co2-emissions-grew-strongly-827
in-2017 (accessed 01/04/2020).828
Alca´ntara V. and Padilla E., 2005. Analysis of CO2 and its explanatory factors in the829
different areas of the world. Technical report, Universidad Autonoma de Barcelona,830
Department of Economics Applied, Spain.831
44
Ang B.W., 2005. The LMDI approach to decomposition analysis: a practical guide.832
Energy Policy 33, 867-871.833
Ang B.W., 2015. LMDI decomposition approach: A guide for implementation. Energy834
Policy 86, 233-238.835
Ang B.W. and Choi K.-H., 1997. Decomposition of Aggregate energy and gas emission836
intensities for industry: A refined divisia index method. Energy J. 18, 59-73.837
Ang B.W., Liu F.L., 2001. A new energy decomposition method: Perfect in decomposi-838
tion and consistent in aggregation. Energy 26, 537-547.839
Andreoni, V., Galmarini S., 2016. Drivers in CO2 emissions variation: A decomposition840
analysis for 33 world countries. Energy 103, 27-37.841
Antimiani A., Costantini V., Kuik O., and Paglialunga E. 2016. Mitigation of adverse842
effects on competitiveness and leakage of unilateral eu climate policy: An assessment843
of policy instruments. Ecological Economics, 128, 246-259.844
British Petroleum, 2018. BP Statistical Review of World Energy. London, United King-845
dom. https://www.bp.com/en/global/corporate/energy-economics/statistical-review-846
of-world-energy.html (accessed 01/04/2020).847
Commoner B., Ehrlich P.R., Holdren J.P., 1972. Response. Bulletin of the Atomic848
Scientists 28(5), 17-56.849
Das A., Paul, S.K., 2014. CO2 emissions from household consumption in India between850
1993-94 and 2006-07: A decomposition analysis. Energy Econ. 41, 90-105.851
Henriques S.T., Kander A., 2010. The modest environmental relief resulting from the852
transition to a service economy. Eco. Econ. 30, 271-282.853
International Agency for Atomic Energy (IAAE), 2019. Power Reaction Information854
System. Vienna, Austria. https://pris.iaea.org/PRIS/ (accessed 01/04/2020).855
Inglesi-Lotz R., 2018. Decomposing the South African CO2 emissions within sa BRICS856
countries context: Signalling potential energy rebound effects. Energy 147, 648-654.857
International Energy Agency (IEA), 2019. Data Services homepage. http://www.iea.org/858
(accessed 01/04/2020).859
International Monetary Fund, 2019. World Economic Outlook Database, October 2019.860
https://www.imf.org/external/pubs/ft/weo/2019/01/weodata/index.aspx (accessed861
01/4/2020).862
45
Intergovernmental Panel on Climate Change (IPCC), 2006. 2006 IPCC Guidelines for863
National Greenhouse Gas Inventories, Prepared by the National Greenhouse Gas In-864
ventories Programme. Cambridge University Press.865
Kangyin D., Hongdian J., Renjin S., Xiucheng D., 2019. Driving forces and mitigation866
potential of global CO2 emissions from 1980 through 2030: Evidence from countries867
with different income levels. Sci. of the Total Environ. 649, 335.868
Kanitkar T., Banerjee R., and Jayaraman T., 2015. Impact of economic structure on869
mitigation targets for developing countries. Energy for Sustain. Development 26, 56-870
61.871
Kanitkar T.L, Banerjee R., and Jayaraman T., 2019. An integrated modeling framework872
for energy economy and emissions modeling: A case for India. Energy 167, 670-679.873
Kaya, Y., Yamaguchi, M., Geden, O., 2019. Towards net zero CO2 emissions without874
relying on massive carbon dioxide removal. Sustain. Sci., 1-5.875
Kaya Y. and Yokobori K., 1993. Environment, Energy, and Economy: strategies for sus-876
tainability. Conference on Global Environment, Energy, and Economic Development877
(Tokyo, Japan).878
Liang Y., Cai W., and Ma M., 2019. Carbon dioxide intensity and income level in the Chi-879
nese megacities’ residential building sector: Decomposition and decoupling analyses.880
Sci. Total Environ. 677, 315327881
Lima F., Lopes Nunes M., Cunha J., and Lucena A.F.P., 2017. Driving forces for aggre-882
gate energy consumption: A cross-country approach Renew. Sustain. Energy Rev. 68,883
1033-1050.884
Ma M., Ma X., and Cai W., and Cai W., 2019. Carbon-dioxide mitigation in the residen-885
tial building sector: A household scale-based assessment. Energy Convers. Manage.886
198, 111915887
Ma M., Cai W., Cai W., and Dong L, 2019. Whether carbon intensity in the commercial888
building sector decouples from economic development in the service industry? Empir-889
ical evidence from the top five urban agglomerations in China. J. Clean. Prod. 222,890
193-205891
Marcucci A., Fragkos, P., 2015 Drivers of regional decarbonization through 2100: A892
multi-model decomposition analysis. Energy Econ. 51, 111-124.893
46
Masson-Delmotte V., Zhai P., Po¨rtner H.-O., Roberts D., Skea J., Shukla P.R., Pirani894
A., Moufouma-Okia W., Pe´an C., Pidcock R., Connors S., Matthews J.B.R., Chen895
Y., Zhou X., Gomis M.I., Lonnoy E., Maycock, Tignor M., and Waterfield T. (eds.)896
Summary for Policymakers. In: Global Warming of 1.5◦ C. An IPCC Special Report897
on the impacts of global warming of 1.5◦ C above pre-industrial levels and related global898
greenhouse gas emission pathways, in the context of strengthening the global response to899
the threat of climate change, sustainable development, and efforts to eradicate poverty900
. World Meteorological Organization, Geneva, Switzerland, 2018.901
Meckling J., Sterner T., and Wagner, G. Policy sequencing toward decarbonization. Nat902
Energy 2, 918-922 (2017).903
Organisation for Economic Co-operation and Development, 2019. Poverty rate (indi-904
cator). https://data.oecd.org/inequality/poverty-rate.htm#indicator-chart (accessed905
1/4/2020).906
Paul S., Nath Bhattacharya, R., 2004. CO2 emission from energy use in India: A907
decomposition analysis. Energy Policy 32, 585-593.908
Ripple W.J., Wolf C., Newsome T.M., Barnard P., and Moomaw W.R., 2020. World909
Scientists’ Warning of a Climate Emergency, BioScience 70, 8-12.910
Robalino-Lo´pez A., Mena-Nieto A´., and Garc´ıa-Ramos J.E., 2014a. System dynamics911
modeling for renewable energy and CO2 emissions: A case study of Ecuador. Energy912
for Sustain. Development 20, 11-20.913
Robalino-Lo´pez A., Garc´ıa-Ramos J.E., Mena-Nieto A´., and Golpe A., 2014b. System914
dynamic modelling and the environmental Kuznets curve in Ecuador (1980-2025).915
Energy Policy 67, 923-931.916
Robalino-Lo´pez A., Mena-Nieto A´., Garc´ıa-Ramos J.E., and Golpe A., 2015. Study-917
ing the relationship between economic growth, CO2 emissions,and the environmental918
Kuznets curve in Venezuela (1980-2025). Renew. Sustain. Energy Rev. 41, 602-614.919
Shuang D., Ming Z., and Wei H., 2016. Decomposing the decoupling of CO2 emission920
from economic growth in BRICS countries. Nat. Hazards 84(2), 1055-1073.921
Solaymani S., 2019. CO2 emissions patterns in 7 top carbon emitter economies: The922
case of transport sector. Energy 168, 989-1001.923
Stern N, 2007. The Economics of Climate Change. The Stern review. Cambridge Uni-924
47
versity Press, Cambridge, United Kingdom.925
Stocker T.F., Qin D., Plattner G.-K., Tignor M., Allen S.K., Boschung J., Nauels A.,926
Xia Y., Bex V., and Midgley P.M., 2013. Climate Change 2013: The Physical Science927
Basis. Contribution of Working Group I to the Fifth Assessment Report of the In-928
tergovernmental Panel on Climate Change. Cambridge University Press, Cambridge,929
United Kingdom and New York, NY, USA.930
Tiwari P., Gulati M., 2013. An analysis of trends in passenger and freight transport931
energy consumption in India. Research in Transportation Economics 38, 84-90.932
United Nations, 2017. Emissions gap report 2017. New York, USA.933
https://wedocs.unep.org/bitstream/handle/20.500.11822/22070/EGR_2017.pdf (ac-934
cessed 01/14/2020).935
United Nations, Department of Economic and Social Affairs, Population Division,936
2019. World Population Prospects 2019: Highlights (ST/ESA/SER.A/423), New937
York, USA. Available in https://www.un.org/development/desa/publications/world-938
population-prospects-2019-highlights.html (accessed 01/04/2020).939
United Nations Development Programme, 2019. Human Development Reports.940
http://hdr.undp.org/en/composite/HDI (accessed 01/04/2020).941
United Nations Framework Convention on Climate Change (UN-942
FCCC), 2019a. Intended Nationally Determined Contributions.943
https://www4.unfccc.int/sites/NDCStaging/Pages/All.aspx (accessed 01/4/2020).944
United Nations Framework Convention on Climate Change (UNFCCC), 2019b. In-945
dia’s Intended Nationally Determined Contribution: working towards climate justice.946
https://www4.unfccc.int/sites/ndcstaging/Pages/Home.aspx (accessed 01/4/2020).947
United States Environmental Protection Agency (EPA), 2019. Global Green-948
house Gas Emissions Data. https://www.epa.gov/ghgemissions/global-greenhouse-949
gas-emissions-data (accessed 1/4/2020).950
Voigt S., De Cian E., Schymura M., Verdolini E., 2014. Energy intensity developments951
in 40 major economies: Structural change or technology improvement? Energy Econ.952
41, 47-62.953
Wang Q., Li R., 2016. Drivers for energy consumption: A comparative analysis of China954
and India. Renew. Sustain. Energy Rev. 62, 954-962.955
48
World Bank, 2019a. Data and statistics. http://data.worldbank.org/ (accessed956
01/4/2020).957
World Bank, 2019b. Data and statistics for India.958
https://data.worldbank.org/country/india (accessed 01/4/2020).959
World Economic Forum, 2019. Inequality in India: what’s the real story?960
https://www.weforum.org/agenda/2016/10/inequality-in-india-oxfam-explainer/ (ac-961
cessed 1/04/2020).962
Yang J., Cai W., Ma M., Li L., Liu C., Ma X., Li L., Chen X., 2020. Driving forces of963
China’s CO2 emissions from energy consumption based on Kaya-LMDI methods, Sci.964
Total Environ. 711, 134569.965
Yeo Y., Shim D., Lee J-D., Altmann J., 2015. Driving Forces of CO2 Emissions in966
Emerging Countries: LMDI Decomposition Analysis on China and India’s Residential967
Sector. Sustainability 7(12), 16108-16129.968
49
